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PageRank
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PageRank




Actually ......

* The Last Toolbar Pagerank Update was December
2013

* Google declared thereafter: “PageRank is
something that we haven’t updated for over a year
now, and we’re probably not going to be updating it
again going forward, at least the Toolbar version.”



PageRank

 Webpages with a higher PageRank are more likely
to appear at the top of Google search results.

* PageRank relies on the uniquely democratic nature
of the web by using its vast link structure as an
indicator of an individual page’s value.

* Google interprets a link from page A to page B as
a vote, by page A, for page B.
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PageRank

The Anatomy of a Large-Scale Hypertextual
Web Search Engine

Sergey Brin and Lawrence Page

Computer Science Department,
Stanford University, Stanford, CA 94305, USA
sergey(@cs.stanford.edu and page(@cs.stanford.edu

Abstract

In this paper. we present Google. a prototype of a large-scale search engine which makes heavy
use of the structure present in hypertext. Google is designed to crawl and index the Web efficiently
and produce much more satisfying search results than existing systems. The prototype with a full
text and hyperlink database of at least 24 million pages is available at http://google.stanford.edu/
To engineer a search engine is a challenging task. Search engines index tens to hundreds of
millions of web pages involving a comparable number of distinct terms. They answer tens of



Importance - Formulas

X1 = X3 2x4
1
Xy = 3x1
1 1 1
X3 =§x1 +§x2 +§x4
1 1
X4 —§x1 +§x2




Importance - Formulas
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Ax = x <

The solution x is in the
eigenspace of eigenvalue

A=1
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Eigenvalue = 1

A =

o O O -
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Column-stochastic Matrix

Column-stochastic matrix always have
eigenvalue 1 =1

How about the Dangling nodes (R A A H)?




Unique Ranking?
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Having eigenvalue A =1

If the dimension of
the subspace is 1

Unique Ranking

constraint
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Unique Ranking? 4 _

How about dimension > 1 0 0

DimforA = 1is

o O = O
oo O =
o= O O O
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0
0
1
1
2
0
2

Basis:

Any linear combination is in the
eigenspace

Not Unique Ranking
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Basis:

Column-stochastic matrix and “positive”

mmm) the dim of the eigenvalue A = 1is 1




Can it be non-

Unique Ranking? uniform?
0.15 All entries are 1/n

M= (1—m)A+mS

There are two ways to surf the web

Prob 1 — m: Prob m:

> M




Power method 0

Start from x

1/
Find x*, such that x™ = Mx~™ :

M is very large 1/n.

all positive, sumto 1

xZ:Mxl If k > oo
X = X

xk = Mx*1



